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The algorithm specifies a method for automatically identifying a fiber type in an optically amplified span. The procedure 
consists of two stages:!) Collect a span loss profile for the fiber type in question, and2) Apply a defmed analysis strategy on 
the profile information to identify the fiber type. 



A customer may specify that a certain fiber type is used within a span, and may provide outdated or false information based on 
link upgrades. In particular, if a large segment of foreign type fiber has been spliced into a span, it is important to identify that 
this has occurred. 



Based only on customer information for fiber type, provisionning occurs. It may only be discovered in field during system 
deployment if the fiber type is wrong or is spliced in-span with another fiber type. There is no method for making type 
identifications, and no tool for making an estimate of a foreign fiber type spliced into a link. 



The fiber loss profile is mapped, and statistics on the normalized profile are made. Theses statistics fit into an equation to 
deliver a score for the measurement. Scores for different fiber types have been pre-meas\u*ed. The identification scores have 
been suitably spaced to permit a fit of the measured fiber score against the fiber typ e identifiers. 

1^ 



Advantage over competitor for identifying a fiber type in a network actively, and identifying if a possible hybrid splice exists. 
This also premits an auto mapping of networks. 
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Background 

As channel capacity over a fiber multiplies, it becomes increasingly important to have 
specific knowledge the fiber's loss profile and to be able to positively identify the fiber 
type. This information is of particular importance in a span implementing a Raman Pump 
amplification technique. 

The Invention 

The algorithm below specifies a method for automatically identifying a fiber type in an 
optically amplified span. The procedure consists of two stages: 

1) Collect a span loss profile for the fiber type in question, and 

2) Apply a defined analysis strategy on the profile information to identify the fiber 
type. 

Loss Profile Derivation 

In-system span loss measurements are generally limited to the gathering of mean power 
measurements at both the transmit amplifier output and at the receiving amplifier input, 
with subtraction to arrive at a mean loss. In certain applications, such as Raman 
amplification, mean span loss measurements are insufficient. A complete mapping of the 
fiber loss profile may be required. 

The inclusion of cost effective optical spectrum analyzers (OSA) to monitor wavelength 
profiles has permitted the mapping of transmit and receive wavelength profiles within a 
span. If collected in a central location (say at the receiver) this mapping information can 
be utilized to derive the span loss profile. 



Determining Span Loss Using System Parameters 
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In the above diagram, Pl(k) represents the profile of the transmitting amplifier, ?3{X) 
represents the receiving amplifier profile, and L2(A,) represents the loss profile. 

Measurement of the loss profile can be effected under system start-up conditions. If the 
transmit amplifier pumps are turned up to deliver superfluous (high power) ASE, this 
launched ASE profile could first be measured at the transmit amplifier output using an 
OS A, P1(X), and then measured at the receiving amplifier input, P3(A.). The difference 
between the profiles would provide a mapping of the span loss profile, L2(>.). 

Fiber Type Auto-Detect 

The per-span mapping of the fiber loss profile leads to a fiber-type identification 
application. Consider the following algorithm. 

1) Measure the fiber loss profile according to the loss profile mapping technique 
described above . 

2) Focus only at the loss profile measurements across a pre-defined window of 
wavelengths. 

3) Scale the loss profile with respect to the first blue wavelength measured value (or 



some other pre-defined value). 

4) Find statistics on this normalized distribution, such as: 

- the integral of all distribution values, Z, 

- the mean of the distribution, )i, 

- the standard deviation of the distribution, o, 

- the minimum value of the distribution. min, 

- the maximum value of the distribution. Max, 

- and the value measured at ONE identifying wavelength, X\ 



5) Sum the statistical values above, weighted by appropriate pre-defined coefficients Al 
to A6: 

Scor€ = A\l + A2'il-{-A3a + A4'mm+A5-Max-\-A6X\ 

6) Steps 1 to 4 will have previously been conducted for all fiber types supported by a 
product line using typical loss profile measurements. An analysis of the numbers 
gathered in 4) for each fiber type must be performed to define the coefficients Al to 
A6. It is desired to choose these coefficients such that a sufficient spread will exist 
between the indicator scores for each fiber type. The fiber identification scores will 
have been tabulated in a look up table. 

7) The measured score will be compared against the tabulated indicators to determine 
the fiber type by method of *'closest score". 

The reason for using statistical numbers on the distributions lies in the true inability to 
define the existence a "typical" profile for the fiber type. Statistics on the profiles, 
however, will provide better fingerprints, with room for within-type fiber-to-fiber random 
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differences on discrete wavelength measurements. The uniqueness of these statistics 
between fiber types will dictate the weighting coefficient values, such that the sum of the 
products (coefficient * statistic) will give a unique score per fiber type. 



Furthering the Identification Technique Using Raman Gain Profiles 

The identification analysis can be further extended using a similar technique against 
measured and known Raman gain profiles. 

While ASE is being sent by the transmitting amplifier, both P1(X) and P3(A,) have been 
measured. A Raman pump laser can be applied onto the system, and the in-band 
resultant Raman gain will be noted as a change in P3(X,). The change in P3 before and 
after the application of the Raman pump will provide the Raman gain profile. 

Fiber Type Identification Using Raman Gain Profile Measurements 




Raman Pump Amplifier 



Laser 



A pre-defined window of wavelengths can be statistically interpreted in the same maimer 
as used above for the span loss profile. Once again, typical profiles for all supported 
fiber types will have been previously gathered. Statistics on these fiber types will be 
scrutinized and weighting coefficients assigned to the statistical indicators to provide 
identification scores. These scores would be used to identify the fiber type on an in-field 
measured span. 

The inability to match measured against typical results for both the loss profile fiber 
identification method AND for the Raman profile fiber identification method may 
indicate the existence of a mixed fiber-type within a span. 
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